Previous studies have demonstrated that heterotrimeric guanine nucleotide-binding regulatory (Gi) protein-deficient mice exhibit augmented inflammatory responses to lipopolysaccharide (LPS). These findings suggest that Gi protein agonists will suppress LPS-induced inflammatory gene expression. Lysophosphatidic acid (LPA) activates G protein-coupled receptors leading to Gi protein activation. We hypothesized that LPA will inhibit LPS-induced inflammatory responses through activation of Gi-coupled anti-inflammatory signaling pathways. We examined the anti-inflammatory effect of LPA on LPS responses both in vivo and in vitro in CD-1 mice. The mice were injected intravenously with LPA (10 mg/kg) followed by intraperitoneal injection of LPS (75 mg/kg for survival and 25 mg/kg for other studies). LPA significantly increased the mice survival to endotoxemia (P < 0.05). LPA injection reduced LPS-induced plasma TNF-α production (69 ± 6%, P < 0.05) and myeloperoxidase (MPO) activity in lung (33 ± 9%, P < 0.05) as compared to vehicle injection. LPS-induced plasma IL-6 was unchanged by LPA. In vitro studies with peritoneal macrophages paralleled results from in vivo studies. LPA (1 and 10 μM) significantly inhibited LPS-induced TNFα production (61 ± 9% and 72 ± 9%, respectively, P < 0.05) but not IL-6. We further demonstrated that the anti-inflammatory effect of LPA was reversed by ERK 1/2 and phosphatase inhibitors, suggesting that ERK 1/2 pathway and serine/threonine phosphatases are involved. Inhibition of phosphatidylinositol 3 (PI3) kinase signaling pathways also partially reversed the LPA anti-inflammatory response. However, LPA did not alter NFκB and peroxisome proliferator-activated receptor γ (PPARγ) activation. Inhibitors of PPARγ did not alter LPA-induced inhibition of LPS signaling. These studies demonstrate that LPA has significant anti-inflammatory activities involving activation of ERK 1/2, serine/threonine phosphatases, and PI3 kinase signaling pathways.
INTRODUCTION
Septic shock is initiated by the systemic inflammatory response syndrome (SIRS), which is the response to the overactivity of the innate immune system. The inflammatory process begins at the nidus of infection where bacteria proliferate and either invade the bloodstream or release various bacterial components, such as lipopolysaccharide (LPS), peptidoglycan, and lipoteichoic acid (1, 2) . The interaction of these microbial cellular components with macrophages, monocytes, or other host cells induces the release of inflammatory mediators that induce SIRS and the ensuing of septic shock (3) .
Heterotrimeric guanine nucleotidebinding regulatory (Gi) proteins modulate LPS signaling pathways and downstream pro-inflammatory gene expression (4) (5) (6) (7) . In addition to toll-like receptor (TLR) 4, LPS also binds to a cluster of receptors in lipid rafts, some of which are Gi protein coupled (8) . Our previous studies demonstrated that LPS-induced inflammatory cytokines and chemokines were augmented in vitro and in vivo in Gi proteindeficient mice compared with WT mice, suggesting an anti-inflammatory role of Gi proteins (5, 6) . Gi protein-coupled ERK 1/2 signaling pathway mediates LPSinduced signaling (4) . Activation of Gi protein with transforming growth factor-β (TGF-β) activates ERK 1/2, which can suppress NFκB and p38 signaling and consequently negatively regulate LPSinduced inflammatory responses (9, 10) . It also has been reported that ERK 1/2 negatively regulates p38 signaling through upregulation of MAP kinase phosphatase (MKP)-1, a serine/threonine phosphatase (9) . MKP-1 decreases pro-and anti-inflammatory cytokines in innate immune responses and endotoxic shock (11, 12) . These findings are consistent with our previous studies and the findings of others that serine/threonine phosphatase regulates LPS-induced signaling pathways (13) (14) (15) . PI3 kinase signaling pathways have been shown to be regulated, in part, by Gi protein-dependent pathways. PI3 kinase negatively regulates LPSinduced inflammatory response (16, 17) . These studies suggest that ligands that activate Gi proteins, ERK 1/2, serine/ threonine phosphatase, and PI3 kinase are candidates for negative regulation of LPSinduced signaling pathways.
Lysophosphatidic acid (LPA, 1-acyl-2-lyso-sn-glycero-3-phosphate) is an abundant extracellular metabolite of lysophosphatidylcholine generated by a variety of cells that is typically present in micromolar concentrations in biological fluids at sites of inflammation (18) . It evokes various immunodulatory responses including prevention of apoptosis, chemotaxis, cytokine and chemokine secretion, platelet aggregation, and enhanced wound healing (19) (20) (21) . LPA binds to at least four specific G-proteincoupled receptors (GPCRs): LPA 1 /EDG2, LPA 2 /EDG4, LPA 3 /EDG7, and LPA 4 / GPR23/p2y9 (22) . Although LPA 1 and LPA 2 also activate the Gq and G 12/13 ; LPA 3 activates only Gi and Gq (22) . Agonist coupling with LPA receptors activates signaling pathways such as adenylyl cyclase, phospholipase C, and Ras-MAP kinase (23) . A fourth LPA receptor has been identified, although its biological significance remains to be established (24) . In addition to these GPCRs, LPA also activates the cytoplasm/nuclear receptor PPARγ (25) .
Recent studies demonstrated an antiinflammatory effect of LPA in endotoxemia by reducing organ injury (26) . However, the potential anti-inflammatory signaling pathway activated by LPA remains to be defined clearly. In the present study, we examined the effect of LPA on LPS responses in vivo by assessment of plasma cytokines, and pulmonary inflammation by assessment of tissue MPO activity and activation of NFκB and PPARγ. Because macrophages are regarded as key inflammatory cells in endotoxemia, we also examined the in vitro anti-inflammatory effect of LPA on LPSinduced TNFα and IL-6 production. Additionally, potential anti-inflammatory signaling pathways activated by LPA were examined with inhibitors of the ERK 1/2, serine/threonine phosphatase, and PI3 kinase signaling pathways.
MATERIALS AND METHODS

Reagents
LPS, LPA (Oleoyl-L-α-lysophosphatidic acid 18:1), okadaic acid, and calyculin A were purchased from Sigma (St. Louis, MO, USA). LPA was suspended in PBS with 2% BSA and sonicated for 15 s. Protein free S. minnesota R595 LPS was provided by Dr. Ernst Reitschel (Borstel, Germany). PD98059 and wortmannin were purchased from Calbiochem (San Diego, CA, USA). GW9662 was obtained from ALEXIS (San Diego, CA, USA).
Mice
Male CD-1 mice at 8 to 10 weeks of age were employed. Thirty mice were separated into two groups randomly. Fifteen mice in Group 1 were injected intravenously with LPA (10 mg/kg) followed by intraperitoneal injection of LPS (75 mg/kg). Fifteen mice in Group 2 were injected with PBS instead of LPA. Mouse survival was monitored every 24 h. CD-1 mice also were injected intravenously with LPA (10 mg/kg) followed by immediate intraperitoneal injection of LPS (25 mg/kg). Mice were killed at 1 h and 6 h after injection; plasma was collected from the vena cava for determination of TNF-α and IL-6 production. Lung tissue was collected for determination of tissue myeloperoxidase activity, NFκB, and PPARγ activity. The investigations conformed to the Guide for the Care and Use of Laboratory Animals published by the National Institutes of Health and with the approval of the Institutional Animal Care and Use Committee.
Cell Stimulation
Four days prior to experiment, CD-1 mice were injected intraperitoneally with 1 ml of 1% Biogel (Bio-Rad, Hercules, CA, USA). Peritoneal macrophages were harvested by peritoneal lavages and maintained in RPMI 1640 medium (Cellgro Mediatech Inc, Herndon, VA, USA), supplemented with heat inactivated 1% fetal calf serum (FCS) (Sigma, St. Louis, MO, USA), 50 U/mL penicillin, 50 μg/mL streptomycin (Cellgro Mediatech). Peritoneal macrophages were pretreated with various inhibitors for 1 h followed by incubation with 10 μg/mL of LPS (from Salmonella enteritidis, Sigma, St. Louis, MO, USA or protein free S. minnesota R595 LPS provided by Ernst Reitschel, Borstel Germany) with or without LPA (10 μM) for 18 h. The supernatants were collected for assay of mediator production.
Assays for TNFα and IL-6 Production
TNFα and IL-6 production were measured using an enzyme-linked immunosorbent assay (ELISA) with mouse TNFα and IL-6 kits (eBioscience, San Diego, CA, USA).
Measurement of Myeloperoxidase Activity
Myeloperoxidase activity was determined in lung and gut as an index of neutrophil accumulation as described previously (27) . Tissues were homogenized in a solution containing 0.5% hexadecyl-trimethylammonium bromide dissolved in 10 mM potassium phosphate buffer (pH 7.0) and were centrifuged for 30 min at 20,000×g at 4°C. An aliquot of the supernatant was allowed to react with a solution of tera-methyl-benzidine (1.6 mM) and 0.1 mM H 2 O 2 . The rate of change in absorbance was measured by spectrophotometry at 650 nm. Myeloperoxidase activity was defined as the quantity of enzyme degrading 1 μmol hydrogen peroxide/min at 37°C and was expressed in units per 100 mg of tissue.
EMSA
Electrophoretic mobility shift assays (EMSAs) were performed as described previously (28) . Oligonucleotide probes corresponding to the NFκB consensus sequence (5′-AGT TGA GGG GAC TTT CCC AGG C-3′) and PPARγ consensus sequence (5′-GAA AAC TAG GTC AAA GGT CA-3′) were labeled with [γ 32 . Gels were transferred to Whatman 3M paper (Clifton, NJ, USA), dried under a vacuum at 80°C for 1 h, and exposed to photographic film at -70°C with an intensifying screen. Densitometric analysis was performed using ImageQuant (GE Healthcare, Piscataway, NJ, USA).
Statistical Analysis
Data are expressed as the mean ± standard error of the mean (SEM). Statistical significance was determined by analysis of variance (ANOVA) with Fisher's probable least-squares difference test using GraphPad Prism software. Statistics of survival study were determined with Gehan-Breslow-Wilcoxon Test using GraphPad Prism software; P < 0.05 was used to reject the null hypothesis.
RESULTS
In Vivo Effects of LPA on Survival to Endotoxemia
LPA increased mice survival to endotoxemia. CD-1 mice were injected intravenously with LPA (10 mg/kg) or vehicle PBS followed by intraperitoneal injection of LPS (75 mg/kg). Survival was monitored for 72 h. LPA significantly increased survival to endotoxemia (Figure 1) .
LPA inhibited LPS-induced TNFα production in vivo. To examine the anti-inflammatory effect of LPA on LPS responses, CD-1 mice were injected intravenously with LPA (10 mg/kg) followed by intraperitoneal injection of LPS (25 mg/kg). After 1 h and 6 h, plasma TNFα and IL-6 production were examined by ELISA. LPS significantly induced TNFα and IL-6 production in plasma ( Figure 2 ). LPA inhibited LPS-induced TNFα by 69 ± 6% (Figure 2A ) 1 h after LPS challenge, but, interestingly, did not affect plasma IL-6 production ( Figure 2B ). Plasma TNFα level was decreased dramatically and IL-6 level was still elevated 6 h after LPS challenge. LPA have no effect on LPS-induced TNFα and IL-6 production.
LPA inhibited LPS-induced tissue myeloperoxidase activity in vivo. We further examined the effect of LPA injection on LPS-induced MPO activity as an index of neutrophil accumulation in the lung. LPS injection significantly increased lung MPO activity. LPA injection suppressed LPS-induced MPO activity in the lung (33 ± 9%, P < 0.05) (Figure 3 ).
NFκB and PPARγ signaling is not involved in the anti-inflammatory effect of LPA. Because LPA is a weak activator of NFκB (29) and LPA also activates nuclear receptor PPARγ (25) , the effect of LPA on LPS-induced NFκB and PPARγ activation were examined by EMSA in lung tissue 1 and 6 h after LPS administration. LPS significantly induced activation of NFκB; LPA had no effect on LPSinduced NFκB (Figure 4 ) and PPARγ (data not shown) activation.
In Vitro Effect of LPA on LPS-Stimulated Macrophages
LPA inhibited LPS-induced TNFα production in vitro in peritoneal macrophage. We next examined the antiinflammatory effect of LPA on LPS responses in vitro in mouse peritoneal macrophages. Paralleling in vivo studies, LPA (1 to 10 μM) inhibited LPS stimula- Figure 1 . Effect of LPA on mice survival to endotoxemia. 30 male CD-1 mice were separated into two groups randomly. Fifteen mice in Group 1 were injected intravenously with LPA (10 mg/kg) followed by intraperitoneal injection of LPS (75 mg/kg). Fifteen mice in Group 2 were injected with PBS instead of LPA. Mouse survival was monitored every 24 h. Statistics were determined with Gehan-Breslow-Wilcoxon Test using GraphPad Prism software. LPA injected mice exhibited significantly enhanced survival to LPS challenge (P < 0.05). tion of TNFα (61 ± 9% and 72 ± 9% respectively, P < 0.05) ( Figure 5A ). As with the in vivo response, LPA had no effect on LPS stimulation of IL-6 production. LPA alone did induce increase of IL-6 production ( Figure 5B) .
PPARγ is not involved in antiinflammatory effect of LPA. To further examine the possible activation of PPARγ in mediating the anti-inflammatory effect of LPA, peritoneal macrophages were pretreated with the PPARγ inhibitor GW9662 (3 to 30 μM) for 1 h, followed by incubation with LPS with/without LPA. GW9662 had no effect on LPS-induced TNFα production (data not shown).
The ERK 1/2 signaling pathway mediates the anti-inflammatory effect of LPA. Previous studies suggested that Gi protein coupled the ERK 1/2 signaling pathway involved in TLR4 signaling (4) . The involvement of the ERK 1/2 signaling pathway in anti-inflammatory effects of LPA in macrophages was examined. Peritoneal macrophages were pretreated with PD98059, a specific MEK-1/2, and downstream ERK 1/2 inhibitor for 1 h followed by incubation with LPS with/without LPA. Pretreatment of PD98059 (50 and 100 μM) effectively blocked the anti-inflammatory effect of LPA ( Figure 6 ). This data suggests that the anti-inflammatory effect of LPA is mediated by ERK 1/2 signaling.
Serine/threonine phosphatase signaling mediate the anti-inflammatory effect of LPA. Serine/threonine phosphatase signaling negatively regulates LPS-induced signaling (11, 12) . The role of serine/threonine phosphatase signaling in the anti-inflammatory effect of LPA in macrophage was examined. Peritoneal macrophages were pretreated with okadaic acid or calyculin A (PP1 and PP2A serine/threonine phosphatase inhibitors) for 1 h followed by incubation with LPS with/without LPA. Pretreatment of okadaic acid (1 μM) or calyculin A (1 nM) reversed the anti-inflammatory Effect of LPA on LPS-induced TNFα and IL-6 production in vitro in peritoneal macrophage. Peritoneal macrophages were incubated with LPS (10 μg/mL) with or without LPA (0.1-10 μM) for 18 h. LPSinduced TNFα (A) and IL-6 (B) production were examined by ELISA. Data represent means ± SE from three independent experiments. *, P < 0.05 compared with basal; #, P < 0.05 compared with LPS alone group. Figure 6 . Effect of ERK 1/2 pathways on anti-inflammatory effect of LPA. Peritoneal macrophages were pretreated with PD98059 (50-100 μM) for 1 h followed by incubation with LPS (10 μg/mL) with or without LPA (10 μM) for 18 h. LPS-induced TNFα production was examined by ELISA. Data represent means ± SE from three independent experiments. *, P < 0.05 compared with basal; #, P < 0.05 compared with LPS group; †, P < 0.05 compared with no pretreatment LPA/LPS group. effect of LPA (Figure 7 ). These data suggest that the anti-inflammatory effects of LPA also are mediated by serine/threonine phosphatase signaling.
PI3 kinase signaling pathway mediates the anti-inflammatory effect of LPA. Previous studies suggested that PI3 kinase signaling negatively regulates LPS signaling (17) . The involvement of PI3 kinase signaling in the anti-inflammatory effect of LPA was investigated. Peritoneal macrophages were pretreated with wortmannin, a PI3 kinase inhibitor, for 1 h, followed by incubation with LPS with/ without LPA. Pretreatment of wortmannin (100 nM) partially blocked the antiinflammatory effect of LPA (Figure 8) .
DISCUSSION
Our studies demonstrate that LPA significantly increased mice survival to endotoxemia and inhibited LPS-induced plasma TNF-α production and lung myeloperoxidase activity in vivo in CD-1 mice. LPS-induced plasma IL-6 was unchanged by LPA. Our in vitro studies with peritoneal macrophages parallel the in vivo studies demonstrating that LPA significantly inhibits LPS-induced production of TNFα but not IL-6. We further demonstrated that the anti-inflammatory effect of LPA is mediated by ERK 1/2 and serine/threonine phosphatase activation. Inhibition of serine/threonine phosphatase with okadaic acid and calyculin A reversed the LPA inhibition of LPS. Additionally, inhibition of the PI3 kinase pathway with wortmannin partially reversed the anti-inflammatory effects of LPA. By contrast, the PPARγ inhibitor GW9662 did not alter LPA inhibition. In addition, LPA did not alter LPS-induced activation of NFκB and PPARγ DNA binding. These data suggest that LPA activates GPCRs signaling pathways rather than cytoplasmic or nuclear PPARγ that inhibit LPS-induced TNFα.
Murch et al. (26) recently examined the effect of saturated LPA (18:0) and unsaturated LPA (18:1) on LPS shock in rats. Both LPAs (18:0 and 18:1) reduced plasma hepatic transaminase, creatine kinase, and IL-1β production induced by LPS shock. The protective effects of both forms of LPA were abrogated by a nonspecific LPA antagonist, demonstrating that LPA signaling through a G proteincoupled pathway. Our studies are consistent with and extend these studies. The unsaturated forms of oleoyl LPA (18:1) selectively inhibited LPS-induced TNFα production without an effect on IL-6 production. Murch et al. also demonstrated that LPA suppressed LPS-induced IL-1β without an effect on IL-6. These observations of differential regulation of TNFα and IL-1β relative to IL-6 in mice and rats are intriguing, and demonstrate antiinflammatory effects of LPA in the absence of IL-6 inhibition. LPA itself induces IL-6 production in macrophages, which may mask the anti-inflammatory effect of LPA on IL-6 production. The underlying mechanisms for such differential regulation remain unclear. Administration of LPS induced an increase in pulmonary infiltration of leukocytes and NFκB activation. LPA reduced LPSinduced pulmonary MPO without altering NFκB activation. LPA has been shown to activate cytoplasmic PPARγ and to induce PPARγ nuclear translocation and DNA binding (25) . Our studies and others have demonstrated that PPARγ ligands are anti-inflammatory in models of polymicrobial sepsis, endotoxemia, zymosan-induced shock, and hemorrhagic shock (30) . Thus it is reasonable to assume that LPA may suppress inflammation secondary to PPARγ activation. Indeed, previous studies demonstrated that the PPARγ antagonist GW 9662 partially attenuated unsaturated LPA (18:1) but not saturated LPA (18:0) inhibition of transaminase in rats subjected to endotoxemia (26) . This suggests Figure 7 . Effect of phosphatase pathways on anti-inflammatory effect of LPA. Peritoneal macrophages were pretreated with okadaic acid (0.1-1 μM, 7A) or calyculin A (0.1-1 nM, 7B) for 1 h followed by incubation with LPS (10 μg/mL) with or without LPA (10 μM) for 18 h. LPS-induced TNFα production was examined by ELISA. Data represent means ± SE from three independent experiments. *, P < 0.05 compared with basal; #, P < 0.05 compared with LPS group; †, P < 0.05 compared with no pretreatment LPA/LPS group. Peritoneal macrophages were pretreated with wortmannin (10-100 nM) for 1 h followed by incubation with LPS (10 μg/mL) with or without LPA (10 μM) for 18 h. LPSinduced TNFα production was examined by ELISA. Data represent means ± SE from six independent experiments. *, P < 0.05 compared with basal; #, P < 0.05 compared with LPS group; †, P < 0.05 compared with no pretreatment LPA/LPS group. the unsaturated acyl fatty acid side chain of LPA (18:1) may be essential for PPARγ activation. However LPA (18:1) employed in vivo in the present study failed to alter LPS-induced decrease of PPARγ DNA binding in lung. Similarly, we found that GW9662 failed to reverse the inhibitory effect of LPA on LPS-induced TNFα production in vitro. It is possible that the disparity in LPA activation of PPARγ may be species dependent.
LPA binds to GPCRs that have the potential to modulate TLR4 activation. LPA has three characterized GPCRs designated as LPA 1 , LPA 2 , and LPA 3 . Studies demonstrated that the non-selective LPA antagonist Ki16425 blocked the beneficial response of LPA, suggesting that the anti-inflammatory effect of LPA was mediated through GPCRs (26) . In our studies, LPA 1 and LPA 3 receptor antagonists, VPC12249 and VPC32179, failed to block the anti-inflammatory effect of LPA (data not shown), demonstrating the LPA 2 may be involved in the effect. LPA 2 is Gi, Gq, and G 12/13 coupled (22) . Our studies also demonstrated that the phospholipase C inhibitor Ro31-8425 failed to inhibit the LPA effect. Because phospholipase C activation occurs downstream of Gq, it is unlikely that Gq signaling is involved. On the other hand, LPA has been shown to be a potent activator of ERK 1/2. Activation of the Ras-ERK 1/2 signaling pathway by Gi protein is well established in many cells (32) . We also have demonstrated that, in HEK 293 cells, the constitutively active TLR4-induced activation of ERK 1/2 is modulated by Gi proteins (4).
It is possible that LPA activation of ERK 1/2 is a mechanism for anti-inflammatory effects of LPA. To examine this possibility we employed MEK-1 inhibitor PD98059 that inhibits downstream activation of ERK 1/2. The effect of ERK 1/2 inhibition on the reversal of the LPA anti-inflammatory effects were striking. Thus despite the fact that LPS itself activates ERK 1/2, which can induce pro-inflammation secondary to transcription factor e.g. ELK and AP-1 (33) To further explore downstream signaling proteins that may play a role in LPA protection in endotoxemia, we examined the potential role of serine/threonine phosphatases. Okadaic acid and calyculin A are inhibitors of the PP1 and PP2A phosphatases in the serine/threonine phosphatase family. Inhibition of PP1 and PP2A has been shown to have a marked effect on macrophage regulation of gene expression, cytokine expression superanion generation and phagocytosis (13, 15, 38, 39) . Our previous studies and others also have demonstrated that serine/threonine phosphatase inhibition can reverse the anti-inflammatory effect of LPS tolerance (14) . In the present study, we found that the two serine/ threonine phosphatase inhibitors effectively reversed the inhibitory effect of LPA on LPS activation. Thus it appears that LPA activation of serine/threonine phosphatase is also important. Additionally, links between ERK 1/2 signaling and serine/threonine phosphatases have been demonstrated. The specific serine/ threonine phosphatase MKP-1 has been implicated in the regulation of inflammation. Recent studies demonstrated that MKP-1 negatively regulates LPS-induced signaling. MKP-1 knockout mice exhibit a higher mortality rate and increased LPS response (12) . ERK 1/2 signaling negatively regulates p38 pathway through MKP-1, indicating an MKP-1 pathway downstream of ERK 1/2 signaling (9) . Thus, one could postulate that similar signaling cascades may exist in response to LPA. Future studies could examine the effect of LPA on LPS response in MKP-1 knockout mice.
The PI3 kinase pathway is another anti-inflammatory pathway that may be activated by LPA. Fukao and Koyasu proposed that PI3 kinase may act as a negative feedback mechanism that prevents excessive immune responses (40) . Guha and Mackman have reported that activation of the PI3 kinase/Akt signaling pathway limits the pro-inflammatory effects of LPS in cultured monocytes (17) . Our recent studies demonstrated PI3 kinase inhibitor, wortmannin, and LY294002 abolished the protective effect of endotoxin tolerance (41) . Numerous studies have demonstrated that LPA can activate the PI3 kinase signaling pathway (42) (43) (44) (45) . The activation of PI3 kinase is in part regulated by G αi and βγ subunits (46) . LPA activation of ERK 1/2 has also been linked to activation of the PI3 kinase cascade (45) . Evidence for an LPSinduced PI3 kinase activation in the present study was demonstrated by a partial reversal of LPA-induced inhibition of LPS with the PI3 kinase pathway inhibition wortmannin.
Our findings demonstrate an antiinflammatory effect of LPA on endotoxin-induced systemic inflammation. Based on our in vitro studies with macrophages, this anti-inflammatory effect of LPA may be linked to a novel ERK 1/2 and serine/threonine phosphatase pathway and/or the PI3 kinase signaling cascades. Because LPA is an endogenously produced ligand that occurs at sites of inflammation in micromolar concentrations, it has potential therapeutic significance in treatment of sepsis.
